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ABSTRACT 
An aeration destratification system developed by the Aquatic Environmental 
Control Company (AECC) was installed in Lake Catherine, a part of the Fox 
Chain of Lakes, on May 18, 1978. The system consists of a multistage deep 
well pump, AECC aeration unit, air hoses, and a variable pitch mounting skid 
to support the aerator on the lake bottom. The AECC system was selected over 
other aeration systems because of its quiet operation and the reliability of 
deep well pumps. The only obstruction on the lake surface is a lighted warn-
ing buoy which supports the two air hoses. Modifications were required for 
satisfactory operation which was achieved on July 6, i978. 
The aerator was able to destratify the lake's volume to a depth of 26 
feet, the depth at which it was located. Oxygen concentrations of 2 mg/l or 
more were maintained above this depth. Oxygen was practically depleted at 
depths below 18 feet in the control lake (Channel Lake). More than 5000 pounds 
of oxygen were maintained during critical summer months in the water zone be-
tween the 16- and 26-foot depths which otherwise would have become nearly an-
oxic. Power used was 45,800 kilowatt-hours at a cost of $1,750. 
The aerator did not improve the clarity of the water, but neither did its 
start-up operations cause an undue increase in turbidity. Algal densities in 
the two lakes were less than observed in the recent past, and unlike previous 
years, no surface algal scums were noted. The aeration in Lake Catherine did 
not cause a shift in the algal dominance from troublesome blue-green algae to 
greens or diatoms during this first year. Because of the ease of chemical ap-
plication with the aerator, opportunities exist for a lake water quality man-
agement scheme combining aeration and chemical treatment. 
A significant increase in the number of taxa and number of organisms was 
found in the benthic macroinvertebrate community in the vicinity of the aerator. 
Improved sports fishing was reported. No significant differences in chemical 
characteristics of the waters overlying the lake bottoms in the two lakes were 
noted, mainly because the deep sampling point in Lake Catherine was beyond the 
zone of influence of the aerator. 
In general, the aeration system in this short period demonstrated its cap-
ability to destratify the thermal regime and induce oxygenation of Lake Catherine 
waters down to its location level (26-foot depth). There is evidence also that 
increased water temperatures and allied dissolved oxygen may have stabilized 
to some degree the organic content Of the bottom sediments. There is every 
reason to expect that if the aeration unit is located at the maximum depth of 
Lake Catherine, if operation is started before stratification occurs, and if 
chemical applications are instituted at proper time intervals, the water quality 
of the lake's waters can be considerably enhanced. It would seem most impor-
tant to demonstrate the effectiveness of the system for one more season. 
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BACKGROUND 
The Fox Chain: of Lakes is experiencing luxuriant nuisance blooms, peri-
odic fish kills, and offensive, odors. These undesirable eutrophic symptoms 
have been a source of citizens' complaints for the past three or four decades. 
A detailed 18-month investigation of the Fox Chain of Lakes, of which Lake 
Catherine is a part, has been conducted by the Illinois State Water Survey 
and the Illinois State Geological Survey (Kothandaraman et al., 1977). From 
this study it was determined that the lake system receives nutrients through 
its tributaries, particularly nitrogen and phosphorus, far in excess of limits 
which are likely to be assimilated without giving rise to nuisance algal blooms. 
The nutrients released from the lake bottom sediments under anaerobic conditions 
in the deeper lakes during periods of summer stagnation were also determined to 
be sufficient to sustain algal growths of bloom proportions in the lakes. 
The predominance of algal types, i.e., blue-green and diatom, was found 
to be related to the physical characteristics of the lakes. The northern lakes 
in the system are relatively deep (20 to 40 feet) and their lesser expanse of 
water surface makes them less exposed to wind action than the large shallow 
lakes in the system. The deep lakes support similar algal types, mainly blue-
greens. In the shallow lakes, diatoms were the dominant species. The highest 
algal counts in each of the lakes of the Fox Chain were observed to be in excess 
of 10,000 counts/ml (Kothandaraman et al., 1977). Lackey (1949) and later Fruh 
(1967) arbitrarily defined an algal bloom as 500 counts/ml in a water body. 
Limiting the nutrient influx to the lakes is an essential step in reversing 
the eutrophic trend in the Fox Chain. Regional plans for pollution abatement in 
the Fox River watershed, including phosphorus emission control, are in various 
developmental stages in Illinois and Wisconsin. The time schedules for the im-
plementation of these plans are not clear cut. It is unlikely that any signi-
ficant reduction in nutrient influx into the Fox Chain can be brought about 
within the next several years. In the interim, use of in-lake treatment tech-
niques to enhance the Chain's water quality is justified. 
In order to assess the efficacy of in-lake treatment methods in the Fox 
Chain of Lakes, pilot studies were undertaken to investigate the responses of 
the lake system. Figure 1 shows the sites and pilot demonstration schemes for 
the Fox Chain of Lakes. Results of the lake restoration investigations employ-
ing copper sulfate to control algae in Mineola Bay of Fox Lake and nutrient 
inactivation using aluminum sulfate in Bluff Lake are detailed in a recent re-
port to the Illinois Institute for Environmental Quality (Kothandaraman et al., 
1978). This report deals specifically with the results derived from efforts 
to destratify the water of Lake Catherine. 
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Figure 1. Pilot demonstration schemes in the Fox Chain of Lakes 
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Artificial destratification and hypolimnetic aeration are processes by 
which the lake waters are oxygenated and circulated. This is generally ac-
complished by either mechanical pumping (Symons, 1969; Steichen, 1974) or 
compressed air released at the lake bottom (Fast, 1971; Smith et al., 1975; 
Symons, 1969; and New England Regional Commission, 1971, 1973a, 1973b). 
Symons (1969) used a pumping device by which hypolimnetic waters were lifted 
and discharged near the lake surface. Steichen (1974) employed an axial flow 
pump to move the epilimnetic waters down to the hypolimnetic zone to destrat-
ify and oxygenate the anoxic zone of the lakes. 
In compressed air destratification, the rising air mass generates vertical 
water currents which diverge horizontally upon reaching the lake's surface. 
This upwelled water is much colder and denser than the surface water. The 
mixed water spreads out horizontally sinking to the level of equal density. 
Although the rising column of air bubbles add oxygen directly to the upwelled 
water, oxygen is also gained when the oxygen-poor hypolimnetic waters come in 
contact with the atmosphere. As the mixing process continues, complete circu-
lation is achieved and the lake waters approach uniform temperature and dis-
solved oxygen conditions. 
In contrast to total aeration, several types of aeration devices have been 
designed to oxygenate the hypolimnetic waters without disrupting thermal stra-
tification. Typically the aerator consists of a large diameter pipe which ex-
tends from the lake bottom to a few feet above the water surface. Water inlet 
ports are located near the bottom of the pipe and outlet ports are located be-
low the thermocline. The bottom water is airlifted through the vertical tube, 
the rising bubbles are vented to the atmosphere, and the water is returned to 
the hypolimnion. 
In addition to oxygenating the hypolimnetic waters of the deep lakes of 
the Fox Chain by total destratification, control of algal blooms was a major 
consideration during this investigation. Control of nuisance blue-green algal 
blooms was deemed successful in Kezar Lake in Sutton, New Hampshire, with de-
stratification by compressed air (New England Regional Commission 1971, 1973a, 
1973b). Since cold water fisheries are insignificant in the Fox Chain, an in-
crease in water temperature in the hypolimnetic zone due to total destratifi-
cation is of minor consequence in this regard. 
The pros and cons of artificial destratification in eutrophic lakes have 
been discussed in detail in the literature (Dunst et al., 1974; U.S. Environ-
mental Protection Agency, 1973). Among the advantages of artificial destrat-
ification of eutrophic lakes are: 
• With increased oxygen levels in the hypolimnion, there is a reduction 
in the anaerobic release of nutrients from the bottom sediments. 
• Oxidation of reduced organic and inorganic materials occurs in the 
water. This is particularly advantageous when the lakes serve as a 
raw water source, because taste, odor, and color problems caused by 
iron, manganese, and hydrogen sulfide are eliminated or at least 
minimized. 
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• The range of ben th i c popula t ions is extended to t h e profundal region 
which was once anaerobic . An inc rease in the number of f i sh and a 
s h i f t to a more favorable spec ies can r e s u l t from the g r e a t e r a v a i l -
a b i l i t y of food organisms. 
• Favorable changes in a l g a l popula t ions occur with a decrease in unde-
s i r a b l e b lue-green s p e c i e s . 
• Evaporation r a t e s are reduced in summer with the reduc t ion in surface 
water t empera tures . 
• There is an inc rease in water c l a r i t y . 
• Winter f i sh k i l l s may be prevented by mainta in ing s u f f i c i e n t oxygen 
l e v e l s under i c e . 
The d isadvantages of a r t i f i c i a l d e s t r a t i f i c a t i o n i nc lude : 
• Increased h e a t budget in the l ake . 
• Temporary inc rease in water t u r b i d i t y r e s u l t i n g from resuspension of 
bottom sediments . 
• A r t i f i c i a l d e s t r a t i f i c a t i o n may induce foaming. 
• The oxygen demand of resuspended anaerobic mud may r e s u l t in a decrease 
in oxygen c o n c e n t r a t i o n s , t emporar i ly a t l e a s t , t h a t may k i l l f i s h . 
As the t i t l e of t h i s r epo r t i m p l i e s , the e f f i cacy of employing t o t a l de-
s t r a t i f i c a t i o n was i n v e s t i g a t e d in Lake Ca the r ine . Adjacent to and connected 
with it is Channel Lake which was used as a con t ro l for comparative purposes . 
Both lakes s t r a t i f y thermal ly during summer months and water s t r a t a below the 
15- to 18-foot l eve l a re devoid of d i sso lved oxygen. The morphometric d e t a i l s 
of t h e two lakes are s e t for th in t a b l e 1. 
Table 1. Morphometric De ta i l s of Lake Catherine and Channel Lake 
Parameters Lake Catherine Channel Lake 
Normal lake e l e v a t i o n , msl 736.5 736.5 
Volume, acre-feet 2460 4370 
Surface a r e a , acres 147 320 
Mean depth , feet 16.7 13.7 
Maximum depth, feet 39 35 
Normal lake l eng th , feet 4200 7800 
Normal lake width , feet 2200 2800 
Length of s h o r e l i n e , miles 1.84 3.37 
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MATERIALS AND METHOD 
The U.S. Environmental Protection Agency (1973) when compiling cost data 
for lake aeration and destratification reported that 90 percent of the respon-
dents utilized compressed air devices for aeration and only 4 percent used me-
chanical pumps. Initially a compressed air system for Lake Catherine was con-
sidered. Since the lake shore is completely developed for year-round residence, 
the noise associated with compressor operation was of major concern. For this 
reason a compressed air system was not selected. Because the base of operation 
for this investigation was located in Peoria, about 190 miles from the work site, 
a system with the least maintenance requirements was necessary to carry out the 
investigation successfully. A raft-mounted pump system for destratification 
purposes was ruled out as it would create a serious recreational hazard in the 
middle of the lake which is extensively used for boating, skiing, and other 
water based recreational activities. 
A destratification system, developed in recent years by the Aquatic En-
vironmental Controls Company (AECC), based in Newberry Springs, California, 
was chosen for the Lake Catherine project. The system consists essentially 
of a submersible pump (six stage Berkley Pump with a rated capacity of 200 
gpm at 100 psi driven by a 15 hp, 3 phase, 60 cycle motor) and the AECC de-
stratification unit. The details of the unit are shown in figure 2. The de-
vice operates on the Venturi principle. The discharge from the submersible 
pump is directed through a constriction created by the primary cone shown in 
figures 2 and 3. The increased velocity created at the constriction causes 
a negative pressure to develop at the throat. Because of the negative pres-
sure, air is drawn from the atmosphere through air hoses, attached to the air 
induction nipples (figure 2) and extending above the water surface. A 3-inch 
PVC pipe nozzle is attached to the discharge end of the AECC unit. The as-
sembly of the submersible pump and AECC unit with the nozzle is mounted on a 
skid with a variable pitch mounting system so that the angle of inclination 
of the assembly can be varied within limits. Figure 4 shows the aerator 
completely assembled with the free ends of the air hoses visible. 
The aerator system selected and used in Lake Catherine is extremely quiet 
during operation. The reliability of submersible pump engineering provided a 
trouble and maintenance free operation. The only obstruction created, if any, 
was the warning buoy, shown in figure 5, used to support the free ends of the 
Figure 2. Details of Aquatic Environmental Controls Company 
aeration destratification unit 
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Figure 3. Primary cone of the AECC unit 
Figure 4. Another view of the aerator with the free 
ends of the air hoses visible at the foreground 
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Figure 5. Installation of the aeration device and 
the buoy supporting the free ends of the air hoses 
two air hoses. The buoy carried a photosensitive warning light which turned 
on at night. Thus the chosen aeration device, which is a combination of me-
chanical pumping and bubbled air, met with all the criteria set forth in the 
selection of a destratification system for Lake Catherine. 
Installation of the device involved placing the unit on the bottom of the 
lake in 28 feet of water, about 750 feet from the southern end of the lake. 
The first 300 feet of power cable extending from the shoreline was encased in 
galvanized pipe to protect the cable in the shallow portion of the lake from 
possible damage by boat traffic. Figure 6 shows the location of the aeration 
device in Lake Catherine. Figure 7 shows the relative positions of the aer-
ator, buoy, power cable, power transformers, and control panel. 
To lay the power cable on the lake bottom, the cable spool was supported 
by two cantilevered wooden beams anchored to a work barge as shown in figures 
8 and 9. About 325 feet of the cable was stretched out on the shore and 2-inch 
galvanized pipes were slipped over the cable. Each pipe was supported on a 
tractor inner tube and secured temporarily with nylon cord. As each pipe was 
slipped over the cable, the previously completed pipe sections were floated 
out into the lake (figure 10). In all, 14 pipe sections were used encasing 
about 300 feet of the cable. The pipe encased cable was floated to its des-
ignated location and the inner tubes were cut loose dropping the pipe encased 
cable to the lake bottom. The remaining length of cable was then reeled out 
into the lake. After making the necessary power connections to the submersible 
pump, the aerator system was installed on the lake bottom by a crane mounted 
on a work barge (figure 11). 
The aerator was installed pointing in the northerly direction, and started 
on May 18, 1978. Several inadequacies in the system became apparent. The unit 
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Figure 6. Location of the aeration device in Lake 
Catherine and sampling stations 
Figure 7. Sectional elevation along the power cable for the aeration unit 
in Lake Catherine 
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Figure 8. Cantilevered beams anchored to work barge 
for supporting power cable spool 
Figure 9. Power oable spool being transferred 
to the barge 
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Figure 10. Encased cable supported by inner tubes 
being transported to cable location 
Figure 11. Installation of the aerator 
into Lake Catherine 
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did not develop adequate vacuum and consequently the a i r draw through the a i r 
hoses was less than sat isfactory. Also the polyethlene a i r hoses supplied 
with the equipment crimped thus r e s t r i c t i n g , and at times completely shutting 
off, a i r flow when the buoy bobbed up and down. All of these inadequacies 
were rec t i f ied and the system began sat isfactory operation on July 6, 1978. 
The aerator was operated continuously thereafter un t i l it was shut down on 
October 4, 1978. There were only four br ief storm-related power fai lures r e -
sul t ing in br ie f interruptions in the operation of the aerator during th i s 
period. 
To evaluate the efficacy of the des t ra t i f ica t ion of Lake Catherine from 
the standpoint of improvement in water quali ty certain physical , chemical, 
and biological measurements were made on a weekly basis i n i t i a l l y and at b i -
weekly intervals from July 12, 1978, unt i l the shut-down of the aerator. Data 
collected in Lake Catherine and Channel Lake during 1977 (Kothandaraman et a l . , 
1978) as a part of pre-aeration data collection efforts were also used in 
evaluating the performance of the aerator . In-situ observations of temperature, 
dissolved oxygen, and secchi disc readings were made during each f ield t r i p and 
samples were collected for chemical and biological evaluations. Figure 6 shows 
the sampling s ta t ions established for Lake Catherine and Channel Lake. These 
sampling s i t e s were selected at the deepest part of the lakes. In addit ion, 
in-situ observations for DO, temperature, and secchi disc readings were made 
in the v ic in i ty of the aerator, about 100 feet from the suction side of the 
uni t . 
For measuring secchi disc transparencies, an 8-inch diameter secchi disc 
with black and white quadrant markings attached to a calibrated line was used. 
The disc was lowered un t i l it disappeared from view and the depth of immersion 
of the disc was noted. The disc was lowered farther and then raised slowly 
un t i l it reappeared. Again, the depth of immersion was noted. The average of 
these two observations was recorded as the secchi disc reading. 
In-situ dissolved oxygen and temperature measurements were made with a 
galvanic ce l l oxygen analyzer equipped with a thermister. An oxygen meter, 
Yellow Spring Instrument Company model 54, with a 50-foot probe lead was used 
for th is purpose. At the beginning of each f ie ld survey, the probe was stan-
dardized in lake surface water in which dissolved oxygen content was deter-
mined by the modified Winkler method as outlined by the American Public Health 
Association (1976). Temperature and dissolved oxygen measurements were ob-
tained in the water column at 2-foot intervals commencing from the surface of 
the lake. 
Water samples for chemical analyses were collected at three different 
depths from both lakes, i . e . , from the surface, mid-depth, and 1 foot from 
the bottom (designated here as the deep sample). For ammonia determinations, 
50 m i l l i l i t e r s (ml) of water sample was f i l t e red through type HA 0.45 micro-
meters (µm) millipore f i l t e r s 37 millimeters (mm) in diameter. The f i l t e r s 
were placed over f i l terpads which were held between two-piece circular holders. 
A set of eight such holders could be held in a wooden frame designed and fab-
r icated at the Survey laboratory. Positive pressure for f i l t e r ing the sam-
ples was provided by a syringe to force the sample through the f i l t e r s . The 
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Table 2. Analytical Procedures 
Turbidity Nephelometric method, using Turner 
Fluorometer Model 110; Formazin was 
used as a standard 
pH Glass electrode method using Beckman 
4500 meter 
Alkalinity Potentiometric method 
Hardness EDTA titrimetric method 
Nitrate-N Chromatropic method 
Amnionium-N Phenate method 
Total silica Molybdosilicate method 
Total iron Phenonthroline method 
Total manganese Periodate method 
Sulfate Turbidimetric method 
Total solids Residue on evaporation at 103 to 105°C 
Total dissolved solids Residue on filtration and evaporation 
at 103 to 105°C 
Total phosphorus Sample was digested with su l fu r i c -n i t r i c 
acid mixtures and determined by ascorbic 
acid method 
Dissolved phosphorus Sample was f i r s t f i l t e red through 0.45 µm 
f i l t e r paper, digested with sulfuric-
n i t r i c acid mixture and determined by 
ascorbic acid method 
f i l t r a t e s were collected in small p l a s t i c bo t t l e s . Micropore f i l t r a t i on elim-
inates any bac ter ia l ac t iv i ty which could a l t e r the ammonia concentration in 
the collected samples. 
Water samples in a volume of 380 ml were collected for algal ident i f ica-
t ion and enumeration. These samples were preserved with 20 ml of formalin at 
the time of collection and stored at room temperature un t i l examined. 
Water samples, for chemical and algal analyses representative of the de-
s i red depths of the water column, were obtained with a Kemmerer water sampler. 
The following physical and chemical determinations were made on water 
samples in the laboratory: tu rb id i ty , pH, a lka l in i ty , hardness, n i t r a t e , am-
monia, to ta l s i l i c a , t o t a l iron, t o t a l manganese, su l fa te , t o t a l and dissolved 
so l ids , and to t a l and dissolved phosphorus. The methods and procedures in-
volved in these determinations are given in table 2. 
For algal ident i f icat ion and enumeration, the sample was thoroughly mixed 
and a 1-ml aliquot pipetted into a Sedgwick-Rafter c e l l . An inverted phase 
contrast microscope equipped with 10X eyepieces, 20X objective, and a Whipple 
disc was used for ident i f icat ion and counting purposes. Five short s t r ips 
(about 280 fields) were counted. Phytoplanktons were ident i f ied to species 
and were c lass i f ied in five main groups, namely, blue-greens, greens, diatoms, 
f l age l l a tes , and desmids. For enumeration, blue-green algae were counted by 
the number of trichomes. Green algae were counted by individual cel ls except 
12 
Aotinastrum, Coelastrum, and Vediastrum, which were recorded by each colony 
observed. Scenedesmus was counted by each cell packet. Diatoms were counted 
as one organism regardless of their grouping or connections. For flagellates, 
a colony of Dinobryon or a single cell of Ceratium was recorded as a unit. 
Benthic samples were obtained on three occasions (July 2, August 23, and 
September 20, 1978) from the two regular sampling stations of Lake Catherine 
and Channel Lake and from the vicinity of the aerator. Three grabs with an 
Ekman dredge (6 × 6 inches) were taken at each station. The samples were then 
washed in a 30-mesh screen bucket, placed in quart jars, and preserved in 95 
percent ethyl alcohol. In the laboratory, the samples were again washed in a 
30-mesh sieve. The organisms were picked from the bottom detritus, were iden-
tified and counted, and preserved in 70 percent ethyl alcohol. 
Lake bottom sediment samples were also collected in conjunction with ben-
thic samples for determining water consistency of the sediments (percent wa-
ter) , and the percent fixed and volatile solids. Consistency was determined 
by first decanting the supernate from the stored sediment sample and thoroughly 
mixing the sample. Loss of weight from the wet sample at 103°C overnight ex-
pressed as percent of original weight was taken as a measure of the consis-
tency of the mud sample. The fixed and volatile solids fractions were de-
termined according to Standard Methods for Examination of Water and Wastewater 
(American Public Health Association, 1976). 
RESULTS AND DISCUSSION 
Physical Characteristics 
Temperature. Thermal stratification of deep lakes, impoundments, and 
reservoirs in the temperate zone is a natural phenomenon. Most of the phys-
ical, chemical, and biological characteristics of impounded waters are func-
tions of temperature. Closely related to temperature variation in lake wa-
ters is the physical phenomenon of increasing density with decreasing temper-
ature up to a certain point. Together, these two interrelated forces are 
capable of creating strata of water of vastly differing characteristics. The 
deep lakes of the Fox Chain are no exception. 
Figures 12 and 13 show the isothermal plots for Lake Catherine and Chan-
nel Lake for the year 1977. Although the lakes exhibit comparable stratifi-
cation features, the water strata of Lake Catherine, at depths of 10 to 15 
feet below the water surface, are colder than that of Channel Lake. Maximum 
differences occur at depths of 20 to 30 feet and range from 3.5°C to 9°C. 
During 1977 the temperature at the water surface attained a maximum of about 
27°C. The peak period of stratification occurred during July and August with 
the epilimnetic zones extended to 15 feet from the water surface in both lakes. 
Temperature gradients below the epilimnetic zone were comparable, with water 
temperature changes of about 10°C at a depth of 15 feet. 
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Figure 12. Isothermal plots, in °C, for Lake Catherine station 1, 
May-September 1977 
Figure 13. Isothermal p l o t s , in °C, for Channel Lake, 
May-September 1977 
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Figure 14. Isothermal plots, in °C, for Lake Catherine station 1, 
May-October 1978 
Figure 15. Isothermal plots, in °C, for Channel Lake, 
May-October 1978 
Figures 14 and 15 show the May-October 1978 isothermal p l o t s for Lake 
Catherine and Channel Lake, r e s p e c t i v e l y . The surface water temperature in 
the lakes reached a maximum of 25°C. The thermal g rad ien t in Channel Lake is 
more gradual than for the previous yea r . This is mainly because of the more 
moderate weather condi t ions experienced in the area and a l so because of the 
two e n t i r e l y d i f f e r e n t hyd rau l i c regimens to which the lakes were subjec ted 
in 1977 and 1978. 
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Figure 16. Hydrographs for Fox River at Wilmot, Wisconsin 
The hydrograph for the Fox River, which is the major tributary to the 
Fox Chain, at Wilmot, Wisconsin, is shown in figure 16 for both 1977 and 1978. 
The river flow for the year 1977 was low and uniform in contrast to the flow 
for 1978. The lakes of the Fox Chain were subjected to several periodic pulses 
of flood waters with consequent fluctuations in water levels in 1978. The 
monthly minimum, mean, and maximum flows for the Fox River at Wilmot are shown 
in table 3. The mean and maximum flows in the Fox River for 1978 are at least 
five orders of magnitude greater than the values for 1977. 
As shown in figure 1, Lake Catherine and Channel Lake are not located in 
the lake system where these orders of magnitude could be directly applied to 
them in terms of flushing rates, etc. However, there is no doubt that higher 
flows in the Fox River had a modifying effect on the temperature regime of 
the two lakes during 1978 compared with 1977. 
Selected vertical temperature profiles for the lakes during 1978 are shown 
in figure 17. Prior to the destratification in Lake Catherine, both Channel 
Lake and Lake Catherine exhibited similar temperature variations with depth. 
As shown in figure 17a temperatures varied from about 13°C at the surface to 
10°C in the lower strata. After the start of the destratification operation 
in Lake Catherine on May 18, 1978, the surface water temperatures in the lake 
were cooler than those in Channel Lake until July 12, 1978, when the temper-
atures in the epilimnetic zones of both the lakes were similar. The cooler 
surface water temperatures in Lake Catherine were caused by the upwelling of 
the colder hypolimnetic waters brought about by the aeration device. Figure 
Table 3. Monthly Flow Data for Fox River at Wilmot, Wisconsin 
(Flow in cubic feet per second) 
1977 1978 
Minimum Mean Maximum Minimum Mean Maximum 
May 123 172 258 293 850 1810 
June 108 136 170 209 637 1360 
July 73 164 392 589 1257 2190 
August 94 165 410 306 825 2270 
September 97 219 398 275 794 1640 
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Figure 17. Temperature profiles in Lake Catherine and Channel Lake 
on selected dates 
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17 depicts the progress of artificial thermal destratification of Lake Cath-
erine compared with the natural regime in Channel Lake. Lake Catherine de-
stratified to a depth of about 26 feet and the temperature became uniform 
within reasonable limits soon after the modifications to the aerator were 
completed on July 6, 1978. Surface water temperatures were comparable in 
both the lakes until mid-September and Lake Catherine exhibited higher tem-
perature thereafter. The increased heat budget in Lake Catherine is thus ob-
vious and is even more dramatic when consideration is given to the fact that 
the waters of Lake Catherine are usually 3.5° to 9°C colder than those of 
Channel Lake at depths of 20 feet and greater. 
Lake stability is defined as the energy of resistance which a lake offers 
to oppose the upset of density stratification (Reid, 1961). It is a measure 
of the amount of work required to displace the center of gravity of the stra-
tified mass of the lake waters to its original position prior to the onset of 
stratification, i.e., when the lake was holomictic with uniform temperature 
from the surface to the bottom. The greatest stability is generally reached 
just prior to maximum heat content in summer. Symons (1969) has discussed in 
detail the procedure for computing the stability factor for lakes using peri-
odic lake vertical temperature profiles. 
The temporal variations in the stability factor for Lake Catherine for 
1977 and 1978 are shown in figure 18. The stability factor for Lake Catherine 
was computed using the temperature data to the 26-foot depth of the lake as 
this was the average depth at which the aerator was located and the limit of 
depth at which the aerator proved to be effective in the destratification 
process. The computed values for Lake Catherine were found to be comparable 
to published values (Symons, 1969; Steichen, 1974). 
Figure 18. Comparison of lake stabilities in Lake Catherine, 
May-October 1977 and 1978 
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Figure 19. Isothermal plots, in °C, for Lake Catherine station 2, 
May-October 1978 
In 1977 the lake stability reached a peak at the end of June and then 
steadily decreased thereafter until the observations were terminated. For 
the year 1978, the stability value showed a significant increase in May even 
after the aerator was installed. As mentioned earlier the performance of the 
aerator was unsatisfactory until the modifications were completed in early July 
1978. The stability values decreased significantly thereafter and attained 
a zero value on October 4, 1978, indicating a complete fall overturn. The 
destratification efficiency, the ratio of the decrease in lake stability to 
the power input to the aerator in a given period of time, could not be assess-
ed for the aerator used in Lake Catherine for various reasons. The aerator 
could not be located at the deepest part of the lake. The aerator as ini-
tially designed proved to be deficient. The saw-tooth nature of the stabil-
ity curve precluded choosing a suitable time interval for the destratifica-
tion efficiency computations and comparison with the values reported in the 
literature for comparably installed and operated aerators. 
Isothermal plots for Lake Catherine at station 2, in the vicinity of the 
aerator are shown in figure 19. The lake is completely destratified after 
mid-July and the isothermal plots for the two stations in Lake Catherine are 
remarkably similar indicating that the destratification of the lake had oc-
curred uniformly to a depth of about 26 feet from the lake surface. 
Dissolved Oxygen. Where the depth of an impoundment or a lake is con-
siderable, the thermal stratification acts as an effective barrier for wind 
induced mixing. The oxygen transfer to the deep waters is essentially con-
fined to the molecular diffusion mechanism. As a result, when the benthic 
sediments exert a high demand as is the case with eutrophic lakes, the oxygen 
resources of the hypolimnetic zone are quickly exhausted. Anoxic conditions 
prevail during most of the warm summer months. 
Observations in 1975 (Kothandaraman et al., 1977) of Lake Catherine and 
Channel Lake showed that the volume of the water column below the 15-foot 
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depth was devoid of oxygen during summer stratification. As shown in figures 
20 and 21, similar conditions prevailed during 1977 for Lake Catherine and 
Channel Lake, respectively. Waters at depths greater than 15 feet were prac-
tically devoid of dissolved oxygen during the month of July. However in 1978, 
as shown in figure 22, the peak anoxic zone in Channel Lake extended to a depth 
of 18 feet in contrast to the 15 feet observed for two previous years. Pre-
sumably this improvement was caused by the substantial increases in flows of 
the Fox River during 1978 compared to the earlier years. Since the extent of 
dissolved oxygen depletion in the water column of the two lakes had been sim-
ilar, it is reasonable to assume that the peak anoxic zone in Lake Catherine, 
without modification, also would have extended to a depth of 18 feet during 
1978. 
The effects of artificial destratification and aeration on the oxygen re-
sources for Lake Catherine station 1 are shown in figure 23. Even though the 
aerator was started on May 18, it can be seen from this figure that there was 
a steady progression of anoxic zone until the early part of July. After the 
modifications to the aerator were completed, the trend in anoxic zone pro-
gression was arrested and reversed. As discussed previously, the aerator was 
effective in augmenting oxygen to the lake waters at depths of 26 feet or less. 
The lake still had an anoxic zone at depths greater than 26 feet. Figure 24 
shows the isopleths of dissolved oxygen concentrations in Lake Catherine at 
station 2 in the vicinity of the aerator. This figure again confirms that the 
aerator was effective to a water depth of about 26 feet and that the depletion 
of dissolved oxygen normally occurring in the water column below the 15-foot 
level had been successfully modified. 
Selected dissolved oxygen profiles for Lake Catherine station 1 and Chan-
nel Lake for 1978 are shown in figure 25. Figures 25a and 25b indicate com-
parable DO profiles in the two lakes. Figures 25c through 25i indicate clearly 
the zone and the extent of oxygen resources supplemented by the aerator. It 
is seen from these figures that the maximum impact of the aerator is felt in 
the water volume between the depths of 15 and 26 feet. The marked reduction 
in DO in the upper lake strata shown in figure 25h is probably the result of 
a copper sulfate treatment on August 16. This operation will be discussed in 
detail later. Figure 25k shows clearly the hastening of the fall overturn by 
the aerator in Lake Catherine. 
Figure 26 shows the temporal variations in dissolved oxygen at different 
depths for 1978 in Lake Catherine and Channel Lake. This again brings out the 
fact that the aerator was effective in the depth range of 15 to 26 feet. This 
aspect is amplified in figure 27 where the percent DO saturation values are 
plotted. In computing the percent saturation at different depths, the effect 
of increased hydrostatic pressures on oxygen saturation values was not consid-
ered. 
The mass of oxygen present in Lake Catherine in the water layers between 
the 16- and 26-foot depths is shown in table 4. Column 2 of this table shows 
the oxygen mass computed from the observed oxygen concentrations on the days 
shown in column 1. Column 3 is a measure of the oxygen mass in the same body 
of water, if there was no aeration. This was computed by the Lake Catherine 
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Figure 20. Isopleths of dissolved oxygen concentrations, in mg/l, 
for Lake Catherine station 1, May-September 1977 
Figure 21. Isopleths of dissolved oxygen concentrations, in mg/l, 
for Channel Lake, May-September 1977 
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Figure 22. Isopleths of dissolved oxygen concentrations, in mg/l, 
for Channel Lake, May-October 1978 
Figure 23. Isopleths of dissolved oxygen concentrations, in mg/l, 
for Lake Catherine station 1, May-October 1978 
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Figure 24. Isopleths of dissolved oxygen concentrations, in mg/l, 
for Lake Catherine station 2, May-October 1978 
Table 4. Oxygen Mass in Water Layers between 16- and 26-Foot Depths 
(Values in pounds of oxygen) 
From 1978 Computed From 1977 1977 computed 
observed values observed values 
values without values without 
with aeration aeration* without aeration aeration* 
May 17 16,510 16,110 May 16 6,580 8,600 
24 13,580 11,320 23 7,090 8,680 
31 16,770 12,810 31 5,990 2,340 
Jun 6 8,640 3,040 Jun 6 2,770 6,760 
27 9,600 1,250 27 2,060 1,190 
J u l 12 8,180 1,620 J u l 11 1,390 1,420 
19 5,840 590 18 1,670 2,060 
27 5,730 2,730 26 710 2,380 
Aug 9 7,410 2,060 Aug 8 1,050 5,520 
23 6,100 5,190 22 5,680 9,400 
Sep 6 8,700 3,280 Sep 6 4,480 7,090 
20 10,560 8,300 
Oct 4 12,620 12,270 
*Values computed with Lake Catherine volumes and the oxygen concentrations 
observed in Channel Lake at the corresponding depths 
water mass and the observed oxygen concent ra t ions in Channel Lake at c o r r e s -
ponding dep ths . S imi lar computations were made for the 1977 oxygen da ta . The 
e s t ima te of oxygen mass in Lake Catherine for 1978 without a e r a t i on seems r ea -
sonable when these values ( t ab l e 4, column 3) are compared with those for 1977 
(columns 5 and 6) during the summer months. The a e r a t o r i n s t a l l e d in Lake Ca-
t h e r i n e was able to maintain more than 5000 pounds of oxygen wi th in the water 
volume between the 16- and 26-foot l eve l during the c r i t i c a l summer months. 
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Figure 25. Dissolved oxygen concentration profiles in Lake Catherine 
station 1 and Channel Lake on selected dates 
The results would have been even more significant if the aerator had per-
formed at its full capacity from its initial installation and if it had been 
installed at the deepest part of the lake. From the 1975 observations of the 
lake, it was estimated that about 40 percent of the lake volume was anoxic 
(Kothandaraman et al., 1977). After installation of the aerator, the anoxic 
volume in the lake was reduced to about 14 percent. The total amount of en-
ergy used in operating the aerator from May 18 to October 4, 1978, was 
about 45,800 kilowatt hours at a total power cost of $1,750. 
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Figure 26. Temporal variations in dissolved oxygen concentrations 
in Lake Catherine and Channel Lake 
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Figure 27. Comparison of percent oxygen saturation concentrations 
at different depths in Lake Catherine and Channel Lake 
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Table 5. Comparison of Secchi Disc Values in Lake Catherine and Channel Lake 
(Transparency values in inches) 
Lake Catherine Channel Lake 
Minimum Mean Maximum Minimum Mean Maximum 
1975 27 58 180 24 43 104 
1977 33 45 69 27 36 60 
1978 30 48 99 27 40 75 
As a consequence of the increased oxygen concentrations at greater depths, 
the habitat for fish and fish food organisms expanded. Improved sports fishing 
was reported for the lake, particularly in the proximity of the aerator, by the 
marina operator and other local citizens. Improvement in habitat for fish and 
other aquatic organisms has been reported in the past (Gebhart and Summerfelt, 
1976; Fast, 1971). 
Secchi Disc Transparency. Secchi disc transparency is a measure of the 
lake water transparency or its ability to allow light transmission. Among the 
lakes of the Fox Chain, Lake Catherine exhibited the highest secchi disc read-
ings. During the 1975 survey of the lakes (Kothandaraman et al., 1977), Ca-
therine had minimum, mean, and maximum values of 27, 58, and 180 inches, re-
spectively. The corresponding figures for Channel Lake in 1975 were 24, 43, 
and 104. The observations for these two lakes were much higher than for any 
other lake in the Fox Chain. A comparison of the secchi disc values in these 
two lakes for the years 1975, 1977, and 1978 are shown in table 5. The secchi 
disc readings observed in Lake Catherine and Channel Lake in 1978 were no bet-
ter than the observations for 1975, and were comparable in the years 1977 and 
1978. 
The temporal variations in secchi disc values for these two lakes in 1977 
and 1978 are shown in figure 28. In 1977, all of the values for Catherine were 
above those for Channel Lake except on two occasions when they were equal. Only 
one Lake Catherine observation in 1978 showed a smaller secchi disc reading than 
Channel Lake. Figure 28 also shows a plot of the variations in differences in 
the secchi disc readings of these two lakes. A statistical analysis was per-
formed to test whether these differences for 1978 were significantly different 
from those for 1977. As shown in table 6, no significant differences could be 
discerned. 
The aerator has not caused the clarity of the lake to improve. This is 
contrary to the experience in Kezar Lake (New England Regional Commission, 
1971, 1973a, and 1973b) where compressed air was found to improve the clarity 
of the lake to significant levels. On the other hand, start-up operations of 
the aerator did not cause any increase in lake water turbidity as was initially 
anticipated. 
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Figure 28. Comparison of transparencies in Lake Catherine and Channel Lake 
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Table 6. Differences in Secchi Disc Transparencies 
for Lake Catherine and Channel Lake 
1977 1978 
Values Values 
(inches) (inches) 
May 16 9 May 17 0 
23 12 24 24 
31 9 31 18 
Jun 6 12 Jun 6 19 
13 9 27 12 
20 0 J u l 12 9 
27 8 19 0 
J u l 5 0 27 6 
11 9 Aug 9 -9 
18 6 23 8 
26 10 Sep 6 24 
Aug 1 7 20 9 
8 6 Oct 4 3 
17 6 
22 8 
30 15 
Sep 6 12 
x = 9.46 
s2= 97.44 
x = 8.12 
s 2 = 15.36 
Note: x = mean; s2= va r i ance . Hypothesis t h a t these means 
are d i f f e r en t can be r e j e c t e d at the 95 percen t con-
fidence l e v e l . 
Biologica l C h a r a c t e r i s t i c s 
Phytoplanktons. One of the major ob jec t ives in the water q u a l i t y manage-
ment of the Fox Chain of Lakes is to con t ro l the p r o l i f e r a t i o n of the problem 
causing b lue-green a lgae . The t o t a l p r o d u c t i v i t y of the lakes cannot be r e -
duced u n t i l the n u t r i e n t input to them, both from ex te rna l and i n t e r n a l s o u r c e s , 
i s c o n t r o l l e d and reduced d r a s t i c a l l y . However, t he re are cases r e p o r t e d in 
the l i t e r a t u r e which suggest t h a t a b e n e f i c i a l e f f ec t of ae ra t ion i s the s h i f t -
ing of the dominant a lga l spec ies from problem causing b lue-greens to greens 
and dia toms. The no tab le examples a re the exper iences in Kezar Lake in Su t ton , 
New Hampshire (New England Regional Commission, 1971, 1973a, and 1973b), and in 
Boltz Lake in nor thern Kentucky (Symons, 1969). In the l a t t e r case , a reduc-
t i o n in the t o t a l a lga l counts was a l so r epo r t ed . 
The t o t a l a l g a l counts and the spec ies d i s t r i b u t i o n of algae found at 
th ree d i f f e r e n t depths in each lake are shown in t a b l e 7. The temporal v a r i a -
t i o n s in the t o t a l a lga l d e n s i t i e s in these two lakes for 1977 and 1978 a re 
p l o t t e d in f igu re 29. 
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Table 7. Algal Types and Densities for Lake Catherine Station 1 and Channel Lake, 1978 
(Density in counts per milliliter) 
Surface Mid-depth Deep 
B-G G D F 0 T B-G G D F 0 T B-G G D F 0 T 
Lake Catherine Station 1 
5/10 220 130 200 0 0 550 200 290 210 0 0 700 150 150 40 0 0 340 
5/17 250 90 310 0 0 650 240 200 50 0 0 490 110 10 10 0 0 130 
5/24 260 10 50 0 0 320 130 20 30 0 0 180 70 30 10 0 0 110 
5/31 300 120 0 0 0 420 150 0 50 0 0 200 140 50 0 0 0 190 
6/6 380 340 10 0 10 730 200 110 0 0 0 310 150 90 30 0 0 270 
6/27 480 30 10 0 0 520 320 20 0 0 0 340 90 0 0 0 0 90 
7/12 350 70 30 0 0 450 250 40 30 0 0 320 140 30 10 0 0 180 
7/19 2330 0 0 0 0 2330 1400 0 0 0 0 1400 960 0 0 0 0 960 
7/27 1780 0 0 0 0 1780 1040 20 0 0 0 1060 270 0 0 0 0 270 
8/9 560 0 100 10 0 770 350 20 10 0 0 380 80 50 0 0 0 130 
8/23 900 90 0 60 1050 340 40 10 60 0 450 320 10 0 10 0 340 
9/6 450 0 0 50 0 500 390 50 0 0 0 440 260 10 30 0 0 300 
9/20 260 0 0 10 0 270 190 0 0 0 0 190 170 0 0 0 0 170 
10/4 50 0 50 10 0 110 0 20 0 0 0 20 0 20 0 0 0 20 
Channel Lake 
5/10 260 250 360 0 0 870 60 140 80 0 0 280 10 10 10 0 0 30 
5/17 270 140 200 0 0 610 110 100 20 0 0 230 70 20 50 0 0 140 
5/24 90 120 0 0 10 220 40 30 0 0 70 140 60 30 0 0 0 90 
5/31 300 180 310 0 0 790 170 200 0 20 0 390 110 40 0 0 0 150 
6/6 530 0 120 20 0 670 220 90 100 0 0 410 70 30 30 0 0 130 
6/27 750 0 0 40 0 790 350 20 0 0 0 370 130 0 0 0 0 130 
7/12 710 300 200 10 0 1220 470 210 170 30 0 880 170 140 20 10 0 340 
7/19 3260 0 0 0 30 3290 2420 10 0 0 0 2430 450 10 0 0 0 460 
7/27 3480 20 0 0 160 3660 1370 50 0 0 300 1720 460 10 0 0 0 470 
8/9 2090 70 0 0 150 2310 1160 10 120 0 260 1550 460 0 0 0 40 500 
8/23 1660 30 0 0 0 1690 920 40 40 0 0 1000 430 0 0 0 0 430 
9/6 820 0 0 60 0 880 430 10 20 10 0 470 120 30 0 0 0 150 
9/20 620 90 0 0 0 710 190 0 0 70 260 80 0 0 0 0 80 
10/4 120 10 30 20 0 180 40 20 10 0 70 0 0 10 10 0 20 
Note: B-G = Blue Greens; G = Greens; D = Diatoms; F = Flagellates; 0 = Others; and T = Total 
Figure 29. Total algal densities in Lake Catherine and Channel Lake 
for 1977 and 1978 
Figure 29 clearly indicates that the surface algal densit ies in Lake 
Catherine for 1978 were much lower than for 1977. For Channel Lake, they 
were lower in 1978 than for 1977 un t i l mid-July when they became comparable. 
Similar trends are discernable for mid-depth and deep sampling points in both 
lakes. Contrary to past experiences, algal scums were absent during 1978 in 
Lake Catherine and in Channel Lake. The algal densi t ies in the two lakes 
were generally less than in the previous two monitoring periods. This could 
be the resul t of the increased flushing ra te experienced by the lake system 
during 1978, as indicated by the hydrograph for Fox River at Wilmot, Wisconsin 
(see figure 16). 
The surface algal densi t ies for Lake Catherine were found to be generally 
lower than those for Channel Lake (table 7). However, the densities at the deep 
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Figure 30. Relative dominance of blue-green algae in Lake Catherine 
and Channel Lake for 1977 and 1978 
sampling point in Lake Catherine were higher than for Channel Lake. This is 
clearly a resul t of the mixing of the hypolimnetic waters of Lake Catherine 
with i t s surface waters. 
The dominance of algal species observed in the two lakes was examined by 
computing the r a t io of the blue-green densit ies for each water sample to the 
to ta l algal dens i t ies . These ra t ios were computed for the observations made 
in 1977 and 1978 and the resul ts are plotted in figure 30. The dominance of 
the blue-green algae increased in 1978 in both lakes. The anticipation that 
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aeration in Lake Catherine would cause a shif t in dominance from blue-green 
to other desirable species did not mater ial ize. However, no aesthet ic prob-
lems from blue-greens were experienced because lower algal densit ies prevai l -
ed in 1978 than in the immediate past few years. 
The aerator ins ta l led in Lake Catherine is capable of dispersing chemi-
cals a lso . Chemicals l ike copper su l fa te , potassium permanganate, e t c . , used 
in lake water quali ty management could be applied with the aerator by making 
use of the vacuum created in the AECC uni t . With an ins ta l la t ion having two 
a i r hoses, as in the case of Lake Catherine, one hose can be completely shut 
off with a gate valve and the other hose immersed in the package containing 
powdered (fine powder or granules) chemicals. The powdery substance would 
be sucked through the hose, mixed with lake water inside the AECC aeration 
un i t , and dispersed into the lake via the upwelling column of air-water mix-
ture . The chemical applied would be dispersed throughout the lake in a f a i r ly 
uniform manner. 
A t e s t application of 1000 pounds of copper sulfate was made in Lake Ca-
therine on August 16, 1978. An application rate of 5.4 pounds per surface 
acre with 25 percent excess dosage to allow for dilution determined the amount 
of chemical to be used. A strong southwesterly wind prevailed during the chem-
ical application. The rate of chemical application was controlled by the depth 
of immersion of the open end of the a i r hose into the container. Though the 
application of 1000 pounds of copper sulfate could have been accomplished in 
15 to 30 minutes, it was carried out gradually over a period of 3 hours. 
Water samples were collected immediately after the copper sulfate appl i -
cation and on the next day af ter application for copper analysis. The samp-
ling locations are shown in figure 31. Samples were collected from the sur-
face and from 5-foot depths at a l l s ta t ions except 1 and 2. The samples were 
acidified immediately with n i t r i c acid for metal preservation. Copper concen-
t ra t ions were determined by the atomic absorption procedure. 
Results of the copper analysis are l i s t ed in table 8. The copper su l -
fate was well dispersed throughout the lake, even though the entire quantity 
was administered from a single location in the lake. This was of course aided 
by a strong predominantly southwesterly wind. The dis tr ibut ion of copper in 
the lake was comparable or be t t e r than the copper dis tr ibut ion achieved in 
Mineola Bay of Fox Lake in 1977 (Kothandaraman et a l . , 1978). Copper sulfate 
was applied to Mineola Bay at the ra te of 5.4 pounds per acre from a boat by 
cr iss-crossing the bay. 
After the copper sulfate treatment of the lake, the c la r i ty of the lake 
showed signif icant improvement (figure 28). The dissolved oxygen concentra-
tions in the lake observed a week af ter the treatment showed a dras t ic decline 
in the epilimnion (figure 25h), presumably caused by the oxygen demand exer-
tion of the decaying algae. Such an occurrence could be al leviated if the 
copper sulfate application is followed, af ter a suitable interval of time, by 
potassium permanganate treatment. 
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Table 8. Copper Concentrat ions in Lake Cather ine 
(Concentrat ions in mi l l igrams p e r l i t e r ) 
Soon after Day after 
Station application application 
number* 8/16/78 8/17/78 
1 0.02 0.02 
2 0.20 0.04 
3 0.06 0.06 
3 ' 0.10 0.08 
4 0.02 0.06 
4 ' 0.08 0.06 
5 0.49 <0.02 
5' 0.08 <0.02 
6 0.10 <0.02 
6' 0.18 0.02 
7 0.06 <0.02 
7' 0.22 
* S t a t i o n s designated as primes indicate copper 
concentrations at the 5-foot depth 
Benthic Organisms. The popula t ion of the ben th ic macro inver tebra te com-
muni t ies in sediments from the two lakes is given in t a b l e 9. In both l akes , 
t h e r e was more than a t enfo ld inc rease in the number of organisms found for 
1978 compared with the number found in 1975 (Kothandaraman et a l . , 1977). 
This may be a r e s u l t of the s l i g h t l y e l eva t ed d i sso lved oxygen concent ra t ions 
observed at t he mud-water i n t e r f a c e for the year 1978 compared with the values 
observed in 1975 at the same sampling l o c a t i o n s . The h ighes t numbers of or -
ganisms and t axa were found near the a e r a t o r at Lake Catherine s t a t i o n 2. The 
overwhelming dominance of Chaoborus in the ben th ic communities was found in a l l 
the samples obta ined from these l akes . 
The f u l l impact of the a e r a t o r on the benthos could not be eva lua ted dur-
ing the cu r r en t i n v e s t i g a t i o n . When Lake Catherine s t a t i o n 1 was s e l e c t e d , it 
was a n t i c i p a t e d t h a t the e n t i r e lake would be d e s t r a t i f i e d and ae r a t ed . When 
i t was r e a l i z e d t h a t the a e r a t o r was not e f f e c t i v e below i t s e l e v a t i o n , i . e . , 
about 26 f ee t from the water s u r f a c e , i t was too l a t e to e s t a b l i s h another 
Table 9. Count of Benthic Organisms in Lake Cather ine 
and Channel Lake Sediments, 1978 
(Counts pe r square meter) 
Lake Catherine Lake Catherine 
station 2 station 1 Channel Lake 
Organisms 7/12 8/23 9/20 7/12 8/23 9/20 7/12 8/23 9/20 
Chadborus 474 4148 1952 359 359 1134 1019 1191 2440 
Chironomidae 29 14 29 
Hirudinea 14 
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Figure 31. Sampling locations for copper analysis 
after copper sulfate application 
sampling station. Benthic sampling stations located at depths of 20 to 25 
feet would have been more informative but information on pre-aeration benthic 
community structure at these stations was lacking. 
Chemical Characteristics. The thermal stratification occurring in deep 
lakes and impoundments creates generally three distinct zones with widely dif-
fering physical, chemical, and biological characteristics. In the epilimnetic 
zone, the water is of acceptable chemical quality comparable to the other sur-
face waters in the area. On the other hand, the waters of the hypolimnetic 
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zone deteriorate in quality after thermal stratification is established. The 
concentrations of reduced substances like iron (Fe++), manganese (Mn++), am-
monia, hydrogen sulfide, and other micro-nutrients like phosphorus, silica, 
etc., increase in the oxygen deprived layers of the impounded waters. 
A summary of the chemical characteristics observed in Lake Catherine and 
Channel Lake is shown in table 10. For comparison, results of monitoring of 
the lakes during 1977 are also included. A detailed discussion of the limno-
logical characteristics of the Fox Chain including the chemical characteris-
tics can be found in the earlier report (Kothandaraman et al., 1977). 
A comparison of the values for various chemical parameters, both between 
the two lakes and between the two years for each lake, reveals that there was 
no significant change in the values. The mean, minimum, and maximum values are 
all comparable within practical limits. Aeration of Lake Catherine did not 
have any impact on such parameters as ammonia, silica, iron, manganese, and 
phosphorus in the deep samples. The main reason for this is that the aeration 
device was not placed in the deepest part of the lake. 
The temporal variations in the chemical parameters examined for the year 
1978 are shown in figures 32, 33, and 34 for the surface, mid-depth, and deep 
sampling points, respectively, in the two lakes. All chemical data and the 
temperature and dissolved oxygen data observed in the lakes for 1978 are in-
cluded in the appendix. 
Sediment Characteristics. The results of the sediment analysis are shown 
in table 11. The water content of the sediments taken from Lake Catherine was 
less than for the samples from Channel Lake. Volatile organic solids were less 
but the percent fixed solids was more in Catherine samples than for Channel sam-
ples. Comparison of the values for Lake Catherine stations 1 and 2 confirm that 
the degree of sediment stabilization is slightly higher near the vicinity of the 
aerator (station 2) than at station 1 which is located in the deepest part of the 
lake. Lake Catherine (station 1) bottom sediments examined in 1975 (table 11) 
exhibited characteristics similar to those observed in Channel Lake in 1978. 
There appears to be a definite trend in the stabilization of the bottom sedi-
ments in Lake Catherine as a result of the aeration device. 
SUMMARY 
An aeration destratification system developed by the Aquatic Environmental 
Control Company (AECC) of Newberry Springs, California, was selected and in-
stalled in Lake Catherine on May 18, 1978. The system consists of a multistage 
deep well pump, AECC aeration unit, air hoses, and a variable pitch mounting 
skid to support the aerator on the lake bottom. The AECC system was selected 
over the compressed air system or the raft-mounted mechanical aerator system 
because of its quiet operation and the reliability of deep well pumps. Be-
cause the lake shore is completely developed for year-round residences, noise 
was an important factor in the selection of the aerator system. The only ob-
struction created by the system on the lake surface is a lighted warning buoy 
which supports two air hoses as part of the aeration system. 
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Table 10. Summary of Water Qua l i ty C h a r a c t e r i s t i c s 
for Lake Catherine and Channel Lake 
(Concentrat ions in mil l igrams pe r l i t e r ) 
Transparency 
Turbidity (Ftu) (inches) pH Alkalinity 
Mean Range Mean Range Range Mean Range 
1978 
Catherine 
Surface 3.6 0 .0-6 .9 48 30-99 8 .1-9 .0 163 146-174 
Mid-depth 2 .3 0 .0 -7 .5 8 .0-8 .6 165 154-173 
Deep 8.9 2 .0-30 .8 7 .4-8 .5 196 168-250 
Channe1 
Surface 3.7 0 .0 -9 .4 40 30-75 8 .0-8 .9 166 156-172 
Mid-depth 2.9 0 .0-6 .9 7 .7 -8 .7 174 161-214 
Deep 7.5 1.0-43.0 7 .4-8 .5 202 168-246 
1977 
Cather ine 
Surface 4 2-7 43 33-69 7 .9 -9 .1 167 154-182 
Mid-depth 3 1-5 7 .7 -8 .7 174 164-187 
Deep 7 2-37 7 .1-8 .4 216 174-253 
Channel 
Surface 6 4-9 36 27-60 8.0-9.0 169 159-177 
Mid-depth 4 2-8 7 .8-8 .5 173 154-192 
Deep 16 2-119 7 .4-8 .5 219 172-245 
N i t r a t e Ammonia Total silica 
Mean Range Mean Range Mean Range 
1978 
Cather ine 
Surface 0.22 0 .03-0 .33 0.13 0 .01-0 .31 1.69 0.23-3.30 
Mid-depth 0.22 0.05-0.52 0.24 0 .04-0 .48 1.60 0.25-3.25 
Deep 0.16 0 .01-0.31 2.79 0 .35-8.70 4.02 0.56-10.97 
Channel 
Surface 0.20 0.09-0.36 0.16 0.01-0.39 1.95 0.05-4.82 
Mid-depth 0.21 0 .10-0 .38 0.29 0 .10-0 .94 1.92 0 .11-4.54 
Deep 0.20 0.02-0.39 2.73 0.19-10.99 3.85 0.07-9.10 
1977 
Cather ine 
Surface 0.15 0.04-0.32 0.09 0 .02-0 .24 
Mid-depth 0.12 0.04-0.26 0.22 0 .04-0 .54 
Deep 0.11 0.04-0.25 2.65 0 .73-4 .96 
Channel 
Surface 0.11 0.01-0.32 0.15 0.01-0.30 
Mid-depth 0.12 0 .04-0.27 0.25 0 .03-0 .48 
Deep 0.12 0 .07-0 .23 6.04 0.35-54.6 
(Continued on next page) 
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Table 10. Continued 
Hardness Total iron Total manganese 
Mean Range Mean Range Mean Range 
1978 
Catherine 
Surface 274 228-330 0.10 0.01-0.69 0.05 0.00-0.20 
Mid-depth 278 218-337 0.08 0.01-0.22 0.03 0.01-0.06 
Deep 299 271-347 0.50 0.02-2.56 0.32 0.10-0.76 
Channel 
Surface 281 247-330 0.07 0 .01-0 .13 0.02 0 .01-0.04 
Mid-depth 288 251-337 0.08 0 .01-0.18 0.09 0 .01-0 .23 
Deep 303 267-337 0.55 0 .02-3.78 0.31 0 .03-0.68 
1977 
Catherine 
Surface 262 199-327 
Mid-depth 248 113-331 
Deep 288 205-340 
Channel 
Surface 236 107-311 
Mid-depth 238 133-311 
Deep 277 127-427 
Sulfate Total sol-ids Dissolved solids 
Mean Range Mean Range Mean Range 
1978 
Catherine 
Surface 52.7 32 .3-97 .7 356 300-435 339 292-430 
Mid-depth 51.5 34.1-90.9 351 287-420 336 276-386 
Deep 52.9 33 .8-90.5 418 346-631 353 190-413 
Channel 
Surface 52.8 37 .7-83 .7 354 286-406 34.3 283-400 
Mid-depth 54.2 37.1-86.4 359 285-409 346 279-400 
Deep 52.6 35 .5-87 .7 449 339-692 371 330-411 
1977 
Catherine 
Surface 51.4 36 .7-59 .8 352 238-476 285 170-440 
Mid-depth 49.5 33 .4 -59 .8 351 252-412 296 206-458 
Deep 36.2 21 .5-43.2 381 244-646 298 210-432 
Channel 
Surface 54.4 44 .9 -61 .3 386 262-664 298 190-458 
Mid-depth 53.7 44 .9-60 .4 355 262-484 295 204-438 
Deep 45.9 29 .5 -60 .3 437 305-618 334 214-468 
(Concluded on next page) 
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Table 10. Concluded 
T. phosphorus Diss. phosphorus 
Mean Range Mean Range 
1978 
Catherine 
Surface 0.06 0.03-0.10 0.02 0.00-0.06 
Mid-depth 0.06 0.03-0.10 0.03 0.00-0.06 
Deep 0.53 0.11-1.36 0.43 0.06-1.19 
Channel 
Surface 0.06 0.04-0.10 0.02 0.01-0.04 
Mid-depth 0.09 0 .04-0 .17 0.04 0 .02-0 .11 
Deep 0.59 0 .08-1 .28 0.49 0.01-1.06 
1977 
Catherine 
Surface 0.06 0 .03-0.15 0.02 0.01-0.04 
Mid-depth 0.08 0 .04-0 .18 0.04 0.01-0.15 
Deep 0.73 0 .24-1.26 0.58 0 .21-0 .93 
Channel 
Surface 0.09 0 .05-0.16 0.03 0.02-0.04 
Mid-depth 0.09 0 .06-0 .27 0.04 0.02-0.15 
Deep 0.72 0.13-1.39 0.54 0.11-1.16 
Table 11 . Bottom Sediments Composition for Lake Catherine and Channel Lake 
(Composition in percen t ) 
Water Volatile Fixed 
Date Location content solids solids 
7/12/78 Catherine s t a t i o n 1 76.8 8.4 91.6 
Catherine s t a t i o n 2 72.9 8.2 91.8 
Channel 80.2 11.2 88.8 
8/23/78 Catherine s t a t i o n 1 77.3 10.2 89.9 
Catherine s t a t i o n 2 73.0 9.5 90.5 
Channel 79.6 13.7 86 .3 
9/20/78 Catherine s t a t i o n 1 77.6 8.8 91.2 
Channel 83.1 10.3 89.7 
9/9/75 Catherine s t a t i o n 1 75.0 13.3 86.7 
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Figure 32. Water quality characteristics at the surface, 
Lake Catherine station 1 and Channel Lake 
40 
Figure 32. Concluded 
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Figure 33. Water quality characteristics at mid-depth, 
Lake Catherine station 1 and Channel Lake 
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Figure 33. Concluded 
43 
Figure 34. Water quality characteristics at deep location, 
Lake Catherine station 1 and Channel Lake 
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Figure 34. Concluded 
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The system did not perform adequately following its installation on May 
18. Satisfactory operation of the system commenced on July 6, 1978, after 
modifications were made. 
The aerator was able to destratify the lake's volume to a depth of 26 
feet, the depth at which the aerator was located. Oxygen concentrations of 
2 mg/l or more were maintained above this depth. Oxygen was practically de-
pleted at depths below 18 feet in the control lake (Channel Lake). Beneficial 
effects of the aerator were perceived in the water layers between the 16- and 
26-foot depths from the surface. More than 5000 pounds of oxygen were main-
tained during critical summer months in this water zone which otherwise would 
have become nearly anoxic. A total of 45,800 kilowatt-hours of electrical en-
ergy at a total power cost of $1,750 was used in the operation of the aerator. 
The aerator did not improve the clarity as measured by secchi disc in 
Lake Catherine. Nor did the start-up operations of the aerator cause an undue 
increase in the turbidity of the lake waters. 
The algal densities observed in the two lakes during the current investi-
gation were less than the values observed in the recent past. Unlike the pre-
vious years, no surface algal scums were noted in either of the two lakes. 
The aeration in Lake Catherine did not cause a shift in the algal dominance 
from troublesome blue-green algae to greens or diatoms, during its first year 
of operation. Because of the ease of chemical application with the aerator 
installed in Lake Catherine, opportunities exist for a lake water quality man-
agement scheme combining aeration and chemical treatment. 
A significant increase in the number of taxa and number of organisms was 
found in the benthic macroinvertebrate community in the vicinity of the aera-
tor. Improved sports fishing was reported by the local citizens. 
No significant differences in chemical characteristics of the waters over-
lying the lake bottoms in the two lakes were noted. This was mainly because 
the deep water sampling point in Lake Catherine was beyond the zone of influ-
ence of the aerator. 
In general, the aeration system employed during this investigation, though 
its effectiveness was limited to a 3-month period because of required modifica-
tions, demonstrated its capability to destratify the thermal regime and induce 
oxygenation of Lake Catherine waters down to its location level, i.e., 26 feet 
below the water surface. There is evidence also that increased water tempera-
tures and allied dissolved oxygen may have stabilized to some degree the organ-
ic content of the bottom sediments. Other benefits anticipated but not detec-
ted were changes in algal communities, enhancement of water clarity, and reduc-
tion in micro-nutrients. Concentrations in the lower strata might have been 
masked by frequent surges of flood flows through the Chain of Lakes and the 
location of the system at other than the deepest portion of the lake. There 
is every reason to expect that if the aeration unit is located at the maximum 
depth of Lake Catherine, if operation is started before stratification occurs, 
and if chemical applications are instituted at proper time intervals, the water 
quality of the lake's waters can be considerably enhanced. It would seem most 
important to demonstrate the effectiveness of the system for one more season. 
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APPENDIX 
Temperature and Dissolved Oxygen Data, Lake Ca ther ine , S t a t i on 1 
Depth 5-17-78 5-24-78 5-31-78 6-6-78 6-27-78 7-12-78 7-19-78 
(feet) DO Temp DO Temp DO Temp DO Temp DO Temp DO Temp DO Temp 
0 10.0 12.8 9.4 14.8 6.2 22.9 10.6 21.0 9.9 25.4 7.4 22,8 8.1 24.6 
2 10.1 12.4 9.4 14.8 6.2 23.2 11.0 21.0 10.0 25.4 7.4 22.8 8.2 24.6 
4 10.2 12.2 9.4 14.8 6.9 22.6 11.0 21.0 10.2 25.4 7.4 22.8 8.3 24.6 
6 10.2 12.0 9.4 14.8 10,4 21.8 11.0 21.0 9.9 24.0 7.4 22.8 8.2 24.6 
8 10.1 11.9 9.0 14.9 10.2 21.4 11.0 20.8 8.2 22.2 7.4 22.8 7.3 24.2 
10 9.0 11.4 8.7 14.9 10.2 20.0 10.9 20.2 7.8 22.2 7.4 22.8 5.9 24.0 
12 9.0 11.4 8.4 14.8 10.2 18.5 10.0 20.0 7.4 22.2 7.4 22.8 5.4 23.8 
14 9.0 11.3 8.1 14.4 10.0 17.1 8.6 19.1 7.0 22.0 7.4 22.8 4.9 23.6 
16 8.8 11.2 7.7 14.1 9.4 16.8 6.3 18.2 6.6 21.9 7.4 22.8 4.4 23.2 
18 8.4 11.2 7.6 14.6 8.8 15.2 5.3 16.6 6.5 21.4 7.2 22,8 4,1 23.2 
20 8.4 11.2 6.6 12.1 8.5 15.0 4.6 16.0 6.0 21.2 4.3 22.2 4.0 23.0 
22 8.3 11.0 6.4 11.8 8.4 14.1 4.3 15.0 5.8 20.8 2.4 22.0 2.3 22.5 
24 8.0 11.0 6.2 11.5 7.8 13.5 2.4 14.6 1.9 20.0 0.9 21.0 1.2 21.6 
26 7.9 10.9 6.2 11.1 7.4 12.8 2.1 13.0 0.5 17.0 0.4 19.0 0.5 20.2 
28 7.6 10.9 3.2 10.9 6.1 12,0 0.7 12.0 0.3 14.2 0.2 16.0 0.3 18.1 
30 7.4 10.9 1.7 10.6 5.6 11.5 0.4 11.2 0.3 13.0 0.2 14.2 0.2 15.2 
32 7.2 10.8 0.8 10.5 3.9 11.2 0.3 11.0 0.2 12.4 0.2 13.2 0.2 13.4 
34 7.2 10.8 0.6 10.2 3.4 11.0 0.2 10.8 0.2 12.0 0.2 11.9 0.2 13.4 
36 7.2 10.8 0.3 10.2 2.5 11.0 0.2 10.6 0.2 11.8 0.2 11.6 0.2 12.2 
38 6.8 10.6 0.3 10.0 1.4 10.2 0.2 10.2 0.2 11.5 0.2 11.6 
40 6.0 10.5 0.2 10.1 
Depth 7-27-78 8-9-78 8-23-78 9-6-78 9-20-78 10-4-78 
(feet) DO Temp DO Temp DO Temp DO Temp DO Temp DO Temp 
0 5.6 23.6 8.6 24.6 8.0 25.0 7.6 24,5 10,0 24.5 6.8 16.9 
2 5.6 23.6 8.7 24.6 7.8 25.0 7,6 24,5 10.2 24.4 6.8 16.9 
4 5.5 23.6 8.7 24.6 7.6 25.0 7.6 24.5 10.3 24.2 6.6 16.9 
6 5.4 23.6 8.7 24.2 6.9 24.9 7.6 24.2 10.0 23.6 6.6 16.9 
8 5.3 23.6 8.0 23.8 5.8 24.2 6.8 24.2 8.1 23.0 6.5 16.9 
10 5.1 23.6 6.6 23.0 5.3 24.1 6.6 24.0 7.6 22.2 6.5 16.9 
12 5.1 23.6 6.1 23.0 5.0 24.0 6.2 23.9 7.2 22.2 6.5 16.9 
14 4.9 23.6 5.9 23.0 4.7 23.9 5.8 23.6 6.8 22.0 6.5 16.9 
16 4.6 23.6 5.5 22.9 4.6 23.7 5.4 23.6 6.2 21.9 6.5 16.9 
18 3.7 23.4 4.9 22.7 4.4 23.6 5.1 23,2 5.9 21.8 6.4 16.9 
20 3.0 23.2 4.4 22.6 2.6 23.2 4.8 23.2 5.6 21.8 6.4 16.9 
22 2.6 23.0 3.2 22.0 2,4 23.0 4.6 23.2 5.3 21.7 6.3 16.9 
24 2.1 22.6 2.0 21.9 2.2 23.0 3.9 23.0 5.1 21.4 6.3 16.9 
26 0.3 21.8 1.2 21.2 1.4 22.5 1.6 22.3 3.2 21.1 6.3 16.9 
28 0.3 19.8 0.6 19.2 0.6 21.8 0.8 21.8 2,9 21.0 6.2 16.9 
30 0.3 16.6 0.5 16.0 0.3 19.8 0.6 19.0 2.3 21.0 6.0 16.8 
32 0.3 14.9 0.4 14.0 0.2 17.9 0.4 17.0 1.3 17.5 5.9 16.8 
34 0.3 13.1 0.4 13.2 0.2 16.5 0.4 15.7 1.1 16.2 5.8 16.5 
36 0.3 12.8 0.4 12.9 0.2 15.3 0.3 14.4 1.0 15.4 1.6 14.2 
38 0.3 12.6 0.4 12.1 0.2 14.0 0.3 13.8 0.8 13.8 
40 0.3 12.4 
Note: Temperature in degree Celsius; Dissolved oxygen in mg/l 
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Temperature and Dissolved Oxygen Data, Lake Cather ine , S t a t i o n 2 
Depth 5-17-78 5-24-78 5-31-78 6-6-78 6-27-78 7-12-78 7-19-78 
(feet) DO Temp DO Temp DO Temp DO Temp DO Temp DO Temp DO Temp 
0 10.4 12.8 9.6 16.1 9.0 23.0 10.9 21.2 9.8 25.2 5.9 22.2 7.5 24.4 
2 10.6 12.8 9.4 16.0 9.6 22.9 11.0 20.4 9.8 25.0 6.3 22.2 7.5 24.4 
4 10.7 12.7 9.4 16.0 10.4 22.8 10.9 20.4 9.0 23.8 6.3 22.2 7.5 24.4 
6 10.6 12.2 9.4 16.0 10.4 21.5 10.4 19.8 8.3 23.2 6.4 22.2 7.5 24.2 
8 10.6 12.2 9.4 16.0 10.4 20.5 10.0 19.6 6.6 22.2 6.4 22.2 6.2 23.9 
10 10.2 11.9 9.2 15.8 10.4 19.2 9.7 19.4 6.5 22.0 6.4 22.2 5.9 23.9 
12 9.6 11.8 9.0 15.2 10.4 18.5 9.5 19.2 6.5 21.9 6.4 22.2 5.8 23.8 
14 9.2 11.5 8.6 14.8 10.4 17.8 7.2 18.2 6.5 21.8 6.4 22.2 5.6 23.7 
16 9.2 11.5 8.2 14.2 10.4 16,4 5.7 16.6 6.3 21.3 6.5 22.2 5.3 23.4 
18 8.6 11.2 7.6 13.8 10.2 15.4 4.8 14.9 5.9 21.2 6.5 22.2 4.9 23.3 
20 8.4 11.2 7.1 13.0 9.8 15.2 4.1 14.8 5.8 21.0 5.9 22.2 3.9 22.9 
22 8.0 11.1 6.4 11.9 8.8 14.9 3.4 13.9 5.5 21.0 5.4 22.2 1.6 22.2 
24 7.9 11.0 6.2 11.4 8.7 13.9 3.2 13.9 4.4 20.2 1.6 20.8 0.9 21.2 
26 7.7 11.0 4.4 11.0 7.5 12.6 0.7 12.7 0.9 19.0 0.4 20.9 
28 7.1 11.0 5.4 12.0 0.6 16.0 
Depth DO Temp DO Temp DO Temp DO Temp DO Temp DO Temp 
(feet) 7-27-78 8-9-78 8-23-78 9-6-78 9-20-78 10-4-78 
0 4.9 23.0 8.9 25.0 5.1 24,2 6.5 23.9 10.2 24.5 7.3 16.2 
2 4.9 23.1 8.9 25.0 4.7 24.2 6.5 23.9 10.3 24.5 6.6 16.6 
4 4.9 23.1 8.6 24.6 4.6 24.1 6.4 23.9 10.4 24.5 6.3 16.6 
6 4.8 23.1 8.6 24.3 4.3 24.0 6.2 23.9 10.0 23.8 6.2 16.7 
8 4.8 23.1 7.9 24.0 4,0 23,9 6.0 23.6 9.4 23,6 6.0 16.8 
10 4.7 23.1 7.3 23.8 3.9 23,7 5.4 23.3 9.4 23.2 6.0 16.9 
12 4.7 23.1 6.8 23.7 3.9 23.5 5.2 23.2 8.2 22.9 5.9 16.9 
14 4.6 23.1 6.5 23.2 3.6 23.5 5.1 23.2 7.0 22.2 5.9 16.9 
16 4.6 23.1 4.9 22.9 3.3 23.5 5.0 23.1 6.6 22.2 5.8 16.9 
18 4.7 23.1 4.4 22.8 3.0 23,2 4.8 23.1 6.4 22.0 5.8 16.9 
20 4.6 23.1 3.6 22.2 2.9 23.1 4.8 23.1 6.0 22.0 5.7 16.9 
22 4.3 23.1 2.2 21.9 2.6 23,1 4.7 23,1 5.2 21.7 5.7 16.9 
24 1.2 22.6 1.3 21.6 2.0 23.0 2.8 22.9 4.6 21.6 5.7 16.9 
26 0.9 21.6 0.5 22.8 0.9 22.4 2.7 21.4 
28 0.7 21.6 0.5 22.2 
Note: Temperature in degree Celsius; Dissolved oxygen in mg/l 
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Temperature and Dissolved Oxygen Data, Channel Lake 
Depth 5-17-78 5-24-78 5-31-78 6-6-78 6-27-78 7-12-78 7-19-78 
Feet DO Temp DO Temp DO Temp DO Temp DO Temp DO Temp DO Temp 
0 9.1 12.2 9.4 16.5 9.4 24.1 10.6 22.0 10.4 25.6 7.4 22.9 7.4 24.6 
2 9.1 12.2 8.6 16.2 9.0 24.1 10.6 22.0 10.4 25.6 7.6 22.9 7.5 24.6 
4 9.0 12.2 8.4 16.2 10.0 24.1 11.2 22.0 10.2 25.4 7.6 22.9 7.6 24.6 
6 9.0 11.9 8.2 16.1 10.0 22.8 11.2 21.9 9.1 23.8 7.6 22.9 7.6 24.6 
8 8.8 11.7 8.1 16.0 10.0 22.3 11.0 21.9 7.8 23.2 7.6 22.9 6.9 24.2 
10 8.6 11.6 7.8 15.8 10.0 21.8 11.0 21.2 6.8 22.7 7.6 22.9 6.7 24.2 
12 8.3 11.5 7.5 15.0 9.4 18.2 10.8 21.2 6.4 22.3 7.6 22.9 6.0 24.0 
14 8.3 11.5 6.8 14.8 8.4 16.0 4.4 17.9 5,6 21.8 7.6 22.9 1.6 22.6 
16 8.2 11.4 6.4 13.6 8.0 14.8 2.7 16.2 1.9 20.8 2.9 21.1 0.5 22.0 
18 8.2 11.4 5.8 12.4 6.9 13.9 2.4 14.8 0.7 19.2 0.7 19.8 0.4 20.8 
20 8.1 11.3 5.6 12.0 6.6 13.0 1.3 13.2 0.2 18.8 0.3 18.4 0.2 19.5 
22 8.1 11.3 5.6 11.9 5.8 12.5 0.8 12.6 0.2 17.2 0.2 17.2 0.2 18.0 
24 8.1 11.2 5.6 11.8 5.4 12.2 0.7 12.1 0.2 15.8 0.1 15.0 0.2 16.2 
26 8.1 11.2 5.0 11.6 5.4 12.0 0.7 11.9 0.2 14.9 0.1 14.9 0.2 14.8 
28 7.8 11.2 2.8 11.2 1.4 11.6 0.5 11.9 0.1 13.9 0.1 13.8 0.1 13.8 
30 7.6 11.2 0.8 11.2 1.0 11.4 0.4 11.5 0.1 13.0 0.1 12.6 0.1 12.9 
32 6.8 11.1 0.6 11.0 0.8 11.2 0.3 11.3 0.1 12.2 0.1 12.1 0.1 12.1 
34 4.3 11.0 0.4 11.0 0.6 11.1 0.2 11.0 0.1 11.7 0.1 12.0 0.1 12.1 
36 0.2 11.0 0.1 11.3 0.1 12.0 
38 0.2 11.0 0.1 11.3 
Depth 7-27-78 8-9-78 8-23-78 9-6-78 9-20-78 10-4-78 
Feet DO Temp DO Temp DO Temp DO Temp DO Temp DO Temp 
0 5.9 23.2 8.1 24.2 10.4 25.0 8.9 24.5 11.6 23.7 6.2 16.5 
2 5.6 23.2 8.2 24.2 10,4 25.0 9.0 24.5 11.8 23.7 6.6 16.5 
4 5.5 23.2 8.2 24.2 10.4 24.9 9.1 24.5 11.8 23.5 6.3 16.5 
6 5.4 23.2 8.2 24.2 10.4 24.9 9.1 24.3 10.8 23.0 6.3 16.5 
8 5.4 23.2 8.0 24.0 10.0 24.5 8.2 24.0 9.2 22.4 6.2 16.5 
10 5.2 23.2 7.8 23.4 9.8 24.5 8.0 23.8 8.3 21.9 6.2 16.5 
12 5.2 23.2 6.9 23.0 8.9 24.2 7.8 23.8 7.4 21.8 6.2 16.5 
14 5.2 23.2 5.6 22.6 8.5 24.0 6.7 23.2 7.2 21.4 6.2 16.5 
16 4.7 23.2 2.9 22.0 8.1 24.0 4.7 23.0 6.2 21.2 6.2 16.5 
18 1.4 23.0 0.9 21.0 4.8 23.3 1.6 22.2 5.9 21.0 6,2 16.5 
20 0.5 20.6 0.6 20.9 0.2 22.8 1.0 22.0 4.5 21.0 6.2 16.5 
22 0.2 19.0 0.5 19.8 0.2 22.0 0.8 20.8 3.2 20.9 6.2 16.5 
24 0.2 17.2 0.4 17.8 0.2 19.9 0.5 19.0 2.2 20.8 6.2 16.5 
26 0.3 16.0 0.4 16.2 0.2 17.5 0.4 17.8 1.8 18.2 6.2 16.5 
28 0.2 14.9 0.4 14.8 0.2 16.2 0.3 16.2 1.4 17.8 2.8 16.2 
30 0.2 14.0 0.4 13.0 0.2 15.3 0.3 15.0 1.3 16.5 0.7 15.9 
32 0.2 13.4 0.4 12.6 0.2 13.9 0.3 14.2 1.1 15.0 0.5 15.4 
34 0.2 13.0 0.4 12.2 0.2 13.2 0.3 13.8 1.0 14.0 0.4 13.8 
36 0.2 12.6 0.3 12.2 0.2 13.0 0.3 13.2 0.9 13.6 0.4 13.0 
38 0.2 12.4 0.9 13.2 
Note: Temperature in degree Celsius; Dissolved oxygen in mg/l 
51 
Water Quality Characteristics, Lake Catherine, Station 1, Surface 
Date Turbidity Transparency pH Alkalinity Hardness Nitrate Ammonia Total silica 
(Ftu) (inches) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 
5/10/78 1.5 37 8.6 173 271 0.33 0.20 0.31 
5/17/78 1.8 38 8.4 170 232 0.32 0.05 0.54 
5/24/78 3.1 99 8,6 168 277 0.32 0.19 1.33 
5/31/78 4.0 72 8.7 173 307 0.33 0.02 0.23 
6/7/78 3.3 45 9.0 166 330 0.36 0.19 0.72 
6/28/78 5.5 42 8.8 156 314 0.14 0.23 0.86 
7/13/78 5.1 36 8.5 146 251 0.08 0.07 0.93 
7/19/78 5.0 30 8.4 170 261 0.03 0.03 1.39 
7/27/78 6.9 45 8.4 161 264 0.13 0.01 3.16 
8/9/78 6.5 33 8.6 156 277 0.19 0.02 2.78 
8/24/78 2.0 54 8.1 154 264 0.19 0.12 4.12 
9/6/78 1.4 57 8.4 160 264 0.11 0.09 2.14 
9/19/78 4.0 45 8.2 160 228 0.20 0.29 3.30 
10/4/78 0.0 42 8.2 174 290 0.31 0.31 1.83 
Total iron Total Sulfate Solids(mg/l) Phosphorus (mg/l) 
(rag/1) manganese (mg/l) Total Dissolved Total Dissolved 
(mg/l) 
0.01 0.20 54.0 373 370 0.07 0.01 
0.01 0.03 52.2 372 0.09 0.03 
0.10 0.02 58.0 374 373 0.06 0.03 
0.69 0.08 54.3 375 368 0.05 0.03 
0.06 0.02 97.7 435 430 0.06 0.03 
0.06 0.02 51.4 380 301 0.04 0.01 
0.03 0.00 68.1 357 335 0.05 0.02 
0.01 0.04 69.9 379 378 0.06 0.01 
0.02 0.13 47.4 331 329 0.04 0.00 
0.07 0.03 43.3 346 330 0.06 0.02 
0.14 0.02 39.6 300 292 0.03 0.03 
0.06 0.01 34.3 357 320 0.05 0.03 
0.06 0.02 36.2 300 293 0.06 0.01 
0.10 0.04 32.3 305 293 0.10 0.06 
Water Quality Characteristics, Lake Catherine, Station 1, Mid-Depth 
Date Turbidity 
(Ftu) 
pH Alkalinity 
(mg/l) 
Hardness 
(mg/l) 
Nitrate 
(mg/l) 
Ammonia 
(mg/l) 
Total silica 
(mg/l) 
5/10/78 
5/17/78 
5/24/78 
5/31/78 
6/7/78 
6/28/78 
7/13/78 
7/19/78 
7/27/78 
8/9/78 
8/24/78 
9/6/78 
9/19/78 
10/4/78 
1.1 
3.4 
3.1 
2.0 
0.0 
2.5 
7.5 
2.0 
3.1 
2.1 
1.0 
1.4 
3.3 
0.0 
8.4 
8.5 
8.5 
8.5 
8.6 
8.6 
8.3 
8.2 
8.2 
8.2 
8.0 
8.2 
8.1 
8.2 
170 
168 
173 
173 
170 
156 
161 
163 
161 
172 
154 
158 
164 
170 
271 
271 
257 
327 
337 
314 
250 
254 
284 
294 
218 
257 
294 
264 
0.33 
0.52 
0.26 
0.36 
0.42 
0.14 
0,08 
0.05 
0.14 
0.15 
0.16 
0.12 
0,18 
0,13 
0.25 
0.35 
0.29 
0.48 
0.27 
0.25 
0.10 
0.15 
0.14 
0.04 
0.12 
0.24 
0.29 
0.33 
0.25 
0.81 
0.91 
0.39 
0.69 
1.43 
1.21 
1.82 
2.24 
2.15 
3.25 
1.94 
3.09 
2.26 
Total iron 
(mg/l) 
Total 
manganese 
(mg/l) 
Sulfate 
(mg/l) 
Solids (mg/l) 
Total Dissolved 
phosophorus(mg/l) 
Total Dissolved 
0.01 
0.01 
0.12 
0.10 
0.05 
0.08 
0.07 
0.03 
0.08 
0.12 
0.22 
0.06 
0.06 
0.11 
0.04 
0.02 
0.02 
0.02 
0.05 
0.02 
0.02 
0.01 
0.02 
0.04 
0.02 
0.02 
0.03 
0.06 
54.0 
49.9 
54.9 
54.9 
90.9 
51.2 
66.6 
65.4 
45.3 
45.8 
37.2 
35.7 
35.3 
34.1 
378 
367 
380 
370 
420 
387 
369 
325 
332 
357 
291 
287 
350 
297 
372 
365 
368 
360 
386 
377 
336 
325 
332 
335 
276 
283 
292 
292 
0.10 
0.09 
0.08 
0.06 
0.10 
0.04 
0.05 
0.03 
0.06 
0.04 
0.05 
0.04 
0.05 
0.06 
0.02 
0.02 
0.02 
0.05 
0.05 
0.02 
0.02 
0.01 
0.00 
0.04 
0.04 
0.03 
0.03 
0.06 
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Water Quality Characteristics, Lake Catherine, Station 1, Deep 
Date Turbidity pH Alkalinity Hardness Nitrate Ammonia Total silica 
(Ftu) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 
5/10/78 3.0 8.2 175 271 0.29 0.39 0.56 
5/17/78 5.0 8.4 168 279 0.31 0.35 1.03 
5/24/78 18.4 8.2 173 271 0.26 0.89 1.37 
5/31/78 4.0 8.1 175 304 0.17 1.14 1.41 
6/7/78 2.0 8.5 179 317 0.23 1.06 2.44 
6/28/78 30.8 8.2 179 347 0.15 1.30 4.82 
7/13/78 5.1 7.9 198 281 0.01 2.79 3.31 
7/19/78 3.8 7.8 184 280 0.04 2.80 5.12 
7/27/78 5.8 7.7 207 277 0.12 2.66 5.22 
8/9/78 2.1 7.4 226 290 0.08 8.70 3.52 
8/24/78 5.5 7.5 228 320 0.16 3.41 7.08 
9/6/78 4.2 7.6 221 317 0.13 5.72 6.78 
9/19/78 4.7 7.8 250 347 0.11 7.31 10.97 
10/4/78 30.0 8.1 182 290 0.11 0.48 2.68 
Total iron Total Sulfate Solids(mg/l) Phosphorus(mg/l) 
(mg/l) manganese (mg/l) Total Dissolved Total Dissolved 
(mg/l) 
0.02 0.17 51.2 369 353 0.14 0.09 
0.03 0.10 53.1 391 375 0.11 0.06 
0.98 0.23 60.1 490 373 0.25 0.11 
0.90 0.03 58.4 374 370 0.23 0.15 
0.07 0.20 90.5 413 413 0.30 0.25 
2.56 0.26 50.5 631 390 0.54 0.29 
0.15 0.28 66.6 398 385 0.62 0.52 
0.09 0.32 65.6 484 406 0.60 0.50 
0.16 0.33 43.6 363 357 0.64 0.52 
0.17 0.45 45.8 393 392 0.83 0.74 
0.48 0.56 44.0 387 362 0.92 0.79 
0.24 0.74 36.0 431 315 0.80 0.66 
0.23 0.76 41.8 378 256 1.36 1.19 
0.90 0.10 33.8 346 190 0.13 0.10 
Water Quality Characteristics, Channel Lake, Surface 
Date Turbidity Transparency pH Alkalinity Hardness Nitrate Ammonia 
(Ptu) (inches) (mg/l) (mg/l) (mg/l) (mg/l) 
5/10/78 1.6 37 8.5 170 264 0.29 0.06 
5/17/78 5.0 38 8.4 166 284 0.23 0.39 
5/24/78 2.1 75 8.4 168 263 0.23 0.25 
5/31/78 2.0 54 8.6 170 314 0.30 0.27 
6/7/78 1.4 36 8.9 170 317 0.36 0.09 
6/28/78 5.0 30 8.8 161 314 0.14 0.18 
7/13/78 5.1 27 8.6 164 250 0.14 0.21 
7/19/78 3.5 30 8.1 166 247 0.09 0.01 
7/27/78 6.9 39 8.4 156 277 0.14 0.03 
8/9/78 9.4 42 8.4 172 330 0.16 0.01 
8/24/78 1.0 46 8.4 164 257 0.26 0.05 
9/6/78 4.2 33 8.4 162 271 0.15 0.23 
9/19/78 4.7 36 8.0 164 274 0.23 0.28 
10/4/78 0.0 39 8.2 168 277 0.13 0.23 
Total silica Total iron Total Sulfate Solids(mg/l) Phosphorus(mg/l) 
(mg/l) (mg/l) manganese (mg/l) Total Dissolved Total Dissolved 
(mg/l) 
0.05 0.01 0.03 53.0 363 340 0.07 0.01 
0.25 0.01 0.02 53.5 375 365 0,10 0.04 
1.27 0.13 0.02 56.4 367 360 0.05 0.03 
0.33 0.08 0.02 57.2 360 358 0.04 0.04 
0.46 0.09 0.04 83.7 403 400 0.08 0.03 
1.11 0.08 0.01 51.4 397 374 0.06 0.02 
2.14 0.07 0.04 66.6 364 350 0.07 0.03 
2.25 0.07 0.03 68.6 406 386 0.07 0.02 
1.54 0.13 0.02 47.0 352 342 0.04 0.01 
2.70 0.04 0.01 44.6 357 341 0.04 0.03 
2.97 0.08 0.02 41.3 302 299 0.04 0.03 
3.86 0.09 0.02 37.7 320 298 0.05 0.01 
4.82 0.06 0.03 40.5 308 302 0.08 0.01 
3.61 0.07 0.02 38.3 286 283 0.06 0.02 
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Water Quality Characteristics, Channel Lake, Mid-Depth 
Date Turbidity pH Alkalinity Hardness Nitrate Ammonia Total silica 
(Ftu) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 
5/10/78 0.8 8.5 166 264 0.28 0.10 
5/17/78 2.0 8.4 168 296 0.34 0.21 0.11 
5/24/78 3.1 8.3 163 320 0.26 0.29 0.46 
5/31/78 3.0 8.5 167 294 0.32 0.47 0.42 
6/7/78 1.4 8.7 170 325 0.38 0.24 0.51 
6/28/78 3.5 8.7 163 304 0.12 0.27 0.93 
7/13/78 4.7 8.2 214 263 0.10 0.35 1.78 
7/19/78 4.5 8.1 212 255 0.10 0.27 1.91 
7/27/78 6.9 8.2 161 251 0.13 0.07 1.73 
8/9/78 2.9 7.7 189 337 0.18 0.94 2.07 
8/24/78 1.5 8.0 164 271 0.22 0.18 2.94 
9/6/78 3.5 7.8 168 274 0.15 0.18 4.52 
9/19/78 3.3 8.2 164 290 0.20 0.24 4.54 
10/4/78 0 8.1 172 290 0.13 0.28 3.09 
Total iron Total Sulfate Solids(mg/l) Phosphorus (mg/l) 
(mg/l) manganese (mg/l) Total Dissolved Total Dissolved 
(mg/l) 
0.01 0.03 54.4 356 349 0.12 0.03 
0.01 0.02 53.8 375 375 0.12 0.06 
0.10 0.02 60.9 374 359 0.07 0.05 
0.10 0.01 58.6 355 355 0.07 0.03 
0.18 0.04 86.4 403 400 0,13 0.04 
0.07 0.03 51.0 391 377 0.06 0.02 
0.05 0.19 69.6 387 350 0.08 0.02 
0.07 0.23 70.6 409 390 0.08 0.02 
0.10 0.09 51.8 347 333 0.04 0.02 
0.12 0.23 47.4 362 351 0.17 0.11 
0.09 0.19 41.3 321 321 0.05 0.02 
0.09 0.10 38.4 329 309 0.05 0.02 
0.06 0.03 37.2 338 298 0.05 0.02 
0.08 0.04 37.1 285 279 0.10 0.04 
Water Quality Characteristics, Channel Lake, Deep 
Date Turbidity pH Alkalinity Hardness Nitrate Ammonia Total silica 
(Ftu) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 
5/10/78 7.7 8.5 170 267 0.28 0.19 0.07 
5/17/78 43.0 8.2 168 281 0.39 0.42 1.41 
5/24/78 3.1 8.3 170 281 0.33 0.67 0.99 
5/31/78 1.5 8.4 171 304 0.25 0.96 1.37 
6/7/78 1.0 8.3 172 302 0.27 0.94 1.24 
6/28/78 3.5 8.5 184 330 0.13 1.49 2.32 
7/13/78 3.3 8.0 188 273 0.10 1.51 2.25 
7/19/78 2.5 8.3 200 285 0.07 3.46 5.33 
7/27/78 20.7 7.6 221 323 0.02 2.62 5.27 
8/9/78 5.8 7.4 240 304 0.17 5.31 3.61 
8/24/78 4.0 7.6 242 330 0.18 3.87 5.89 
9/6/78 3.5 7.4 246 314 0.20 10.99 9.10 
9/19/78 3.3 7.5 238 337 0.23 0.58 7.91 
10/4/78 1.6 7.5 217 317 0.13 5.45 7.20 
Total iron Total Sulfate Solids (mg/l) Phosphorus(mg/l) 
(mg/l) manganese (mg/l) Total Dissolved Total Dissolved 
(mg/l) 
0.02 0.03 53.0 376 360 0.08 0.01 
3.78 0.12 54.4 692 334 0.54 0.08 
0.10 0.08 59.8 386 359 0.13 0.08 
0.22 0.08 55.5 357 352 0.14 0.13 
0.07 0.32 87.7 391 389 0.22 0.19 
0.20 0.39 50.9 398 390 0.35 0.33 
0.09 0.29 71.1 517 366 0.35 0.31 
0.07 0.33 61.6 677 411 0.69 0.65 
0.49 0.29 39.0 388 367 0.79 0.75 
0.18 0.30 43.7 397 392 0.88 0.75 
0.19 0.38 35.5 389 381 0.89 0.85 
1.98 0.59 43.4 551 380 1.28 1,06 
0.12 0.48 40.9 436 389 1.07 0.94 
0.14 0.68 39.8 339 330 0.81 0.68 
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